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NATIONAL ATVISORY COMMITTNE FOR /JERONAUTICE

TECHNICAL MEMORANDUM NO. 1214

JET DIFFUUSION IN PRCXIMITY (F A WaLL®

By D. Kuchemann
CUMMARY

When auziliary Jot cngines ere instslled on ei-frames, as
well as in some new deeigrs, the Jet enzinwe are moanted In such
o woy thet the jet stream exhauste in close proximity to %he
fuselagc. This revort deels with the behavior of the Jet in
cloge proximity to & ftwo-dimensionel surface. The experiments
werec made to find out whether the exielly symmetvic gtrcoem tends
to approach the flat surfeco. Thie report is the last of e series
of four partial test reports of the G3ttingen program for
tho installation of Jet enginss, deted October 12, 1943. This report
is the complement of tho report on intake in close proximity Lo
e well.

I. INTRODUCTION

Considerable confusion still attends the installeation of turbojet
engines ag regards the dischearging Jjot, especielly when it comes
neaxr other parts of the wirplane «nd interfervnce phenonens are
possible. Ii the engine is mounted near to the fuselage, there is
apprehension that the Jot will sdhere to it with concequent
uwndesirable heating and possidly olso dreg increase. The purpose
of the present report is to trecat these probloms in somewhat greeter
detail.

The feared Jet procuescs are caused by the neaxress of tlhe wall.  E
In order to securc more general and fundemental deta, all special .
wall lorms werc disregacdcd and the Jebt was mozawred in the
rroximity of a flat well., This precluded the processes which A
depond on the perticular pressure distribution al the well and J

in the swrrounding space. Furthermore, the work was dene on a cold
Jot, principally on account of experimontol facility. The extent -
to which fundamental phcnomena wore suppressod by 1t must bo left
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2 NACA TM Mo, 1214

to future experiments.: Ac varieble perameters there remain

the velocity of the Jet, for which as criterion the mean veloclty vy
in the exit oi the engine model is chosen, and the outor

ilow velocity vo; and indeed it suggests itself to once consider

the difference vy, - v, &nd then the quotient vafvo 88 significant,

Another parameter is the distance a of the exit cone from the
well (that 1s, the distance of the point of exit clocest to the
wall from the wall), and lastly the design of the foiring betwecn
engine and well will also play a part. In eve:ry casc, the thiee-
dimensionel variation of the Jet downstream from the exit must be
measurcd.

II. CONVERSICN TO CTHER OPERATING CONDITIONS

In view of the multiplicity of potuntiel variaiions, it is
desirable to estetlish simplifying conmnections. ¥or praciuical
purposes it would be more advantageous to be &ble to usc easily
made static tests (without stresm flow) aad to compute &ll phises
with stream flow from it. Such a process is described in the
following:

It is assumed that the general stete of zlow (v) resultas,
in first approximotion, from the superpoeition or the streom
flow (vo) with the Jet flow (v'):

Vel e v (1)

This implies thet the jct diffuvsion 1s to depend only on the
difference of the velocity in the Jot (vp) and ouvtside of the

Jot (vp), so thet the velocity v in the Torm (v - vo)/(vy - vo)
for fixed pexrticles is independent of the operating conditiomn.

A corteln difficulty is involved in the finding of the location
of these particles, that is, to pasc from the vclocity transiormee
tion (1) to the related trensformation of the coordinates. A
rectangular system of body exes (x, ¥, 2z) is vocd with x in

the flow direction and the time coordinete t, with x = 0 (plane
of exit) for ¢ = 0. Tha space coordinates of tvhe particles

are ifunctions of the time. Thus for equel time intecrvals t we
get a relation between the coordinates x,y,z of the particle

in the general flow (v, # O) end the coordinutes xt,y',zt of

the flow without streem flow (vy, = 0).

iThe problems of model similarity and reprocuction of the hot-Jjoti
in wind-tunnel tcsts ere discuesed in refercncec L.
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It further is essumed that transverse flows can be disrecarded,
hence that the velocity has the direction of the x ~exis, so that
y=y' and z = z'. This leaves the connection between X and t
and x' and t to be determined. :

?
v = —d'l:; vt = & ()
dt dat

the velocity relation (1) then reads

ax  dx?*
- el Vo (3)
dt dt
which, integrated, gives
x(t) = x*(t) + v t ()

In this equation t is yet to be eliminated znd to be replaced
with the aid of (2) by means of the velocity v! = v*(x',y,z),
which is accessible to measurament:

- nxt axr 5)
=/ vr(xt,yse) ®
v ° .
In this manner the desired transformation of the coordinates
t/a
x_x,_1 _[F 12 agxr/a) (6)
d T vy o  v'(x',y,z)

— - ot ettt e

Vo 'f‘;'

follows from (4), made dimensionless with the diameter 4 of the
exit nozzle and the avereage veloclty VA' =V, - Vo in the exit

nozzle. This transformation states that planes normel to the X-axis
ere not meintained, but that according to the velocity distri-
bution v*(x',y, z) the x displacement for the faster perticles is
less than for the slower ones. In practice v!/v,! would be
measured, the integration carried out, ani the x corresponding

to x' caluclated by (6). There the area cf small velocity would
cavse difriculties, especidlly for the pointa X = C,/ :,2.: 2= > d/2,
since v! with x 0 must approach zeiro in & certain wgy in order
that the integrel mey exist. Moreover, the mwmexrical eveluation

in this area requires extreme accuracy of measwrement.
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‘A deteiled check of the practicability of these ascumptions
was outside the ecope of the present rencrt. A thorouzh diecussion -
with consideration of the transverse mo*ions must be the objlect
of e speclal investigetion. For the present, these assumptions
were, after ceveral other simplifications, simply uced ee basis
for the test program. Since the potentiel core with ite high
dynamic pressures and presumebly high temperaturec ic of vparticular
interest in the application, v?! = constent wes taken
equal to - vp' = vy - vy. Therefoue,

=2 _Tiflo (7

This agssumption is, of cowrse, Justified only for the reglon around
the Jet axis up to the dissolution of the potentiel core; however,
in this region alone is the assumption of velociiy persllel to

the x ~exis satisfied. In view of the mixing motion, it would
piysically be more logical if a mean velocity within the actual
mixing zone were regerdcd as charecteristic. The trancformation (7)
has the advantuge of always permitting measurement in planes where
X = congtent,

ITI. EXPERIMENTAL PROGRAM

In a1l tests, the difference vp - v, wes kept constani (= 33 m/s).
The first operating ccndition with zero stream velocity was:

State It vo = 0; vp = 33 m/s; vyfvo =5 z = x?,
the second, with comperatively low streem velocity:

State II: 7o = 1l m/s; vy = Wb mfs; vpfvg = By x = 1.33 xt
and the third, with greater strerm velocity:

State III: vy = 33 m/e; vy = 66 m/s; Vefio = 05 X = 2xP,

It wag found duriing the measwrcments that the scates I and III
weroe 1n most casee sufiicient for explaining the principal processes.

The wall distances thcmselves were limited to & few veluves, ©o
a =d (large Aietence) and a = ¢/2(=mall distanco); for comparative
purposet, data with the Jot motor were elso measwred without a
wall (a =),
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The lining between engine and wall was kent ecpecially slender
in several cares, since Kunzels tecte had shown the importance of
adequate ventilation between Jot and wall. As ccatrast to this
"good" fairing, & narticulerly "poor" fairing wes used (fig 1V.
These cowlings all terminated with the exit plane of the pover unit.
In one instence, the gcod version was shifted backwurd dbv -4 and
cylindrically cut out toward the Jet, creating & type of "tummel.'

4 model engine with instelled blower wus used. The meesureuenss,
made in twmel No. U, included total presswre and ciatic presswre
in y eand 2z diroction through the Jet exic ab verious distances
x from the exit nozzle.

IV. LESULTS

It iz found that ouwr kmowledze of twrbuwlent diffvsion processes
18 in no way suificient tc explaein definitely the indivicval
phenomena.

1. Without Wall

Figures 2 to 4 represent the velocity distributions in the
Jet at varioue distances fram the exit nozzle for the tinec
onerating condcitions. It portreys the conventionld pattern ol
Jet diffusion end it must be conceaed thut the foregoing simplifying
esswmptions hold only very rouzhly. FYor the greduel decrceace in
the potentizl core with Increesing distance the given trcnsiormation
ie practical, but groater differences ocrwr in the trensiormation
of the mixing zone, which is in gencral smelle:r thun the assumption
stirulatea. If the coordinate relution (6) were umore accuratcely
taken into accoomnt end thus the grcater velues of x  ascribed to
the arcas of lowor velocity, the agroemsnt weudd be better. Such
egrecemcnt would then be obtainoed in the boundary zone iIf the mean
velocity in the mixing zone were used &3 basis, whilc the devtations
in tho potential core would bocomo greavcer. I is readily epparent
that oxact apreemont 1s altained in nc ingtunne, Lence that ovher
phyricel processes must algn play o part. Trhese ocre duc in part
to the bovndrry layer on the outcr ongine swfoce wilich is particuvlarly
plain in state III and by vhich the Jet is initiull- carcloped by
& cushion of reverdcd eir; out with 1t tho oncire past history of
the outeide tlow is involved, sc that nmore¢ goneral predictions are
rendored extremecly <ditficult. Morecves, even Jor reusons of puru
potonviel theory, o dfrfcrent Jot eoums tc rorm with strcom flow
than without it. Vhile 1ln otete I & wcctenymleax velocity distridbution
exists In the oxit conc wnd a Jet coabruction is scarcely noticceable,
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the latter is plainly evident ir. state III &8 & velocity increase in
the potential core. Thir geametrical Jet deformation could be
indveced by the share of the outer coatowr which (in adhering 1low)
gives the velocity at the edge of the nozzle en inwardly directed
radial component. The Jet deformed by the epproach flow givec, of
course, & different basis for the mixtag »i the Jjc*.

2. Lerge Well Distance

In this instance, the fairing with its boundary layer and the
boundary layer at the well itself are involvea. Foi comparison,
the velocity distridbution in the boundary leyer at the wall in
the unafiected stute was plotted in the same menner as in the
dlagrams of figurc 5.

In enalyzing the results with the gouvd fairing in figures 6
end 7 the section parsllel to the wall (y direction) discloses
practically no deviations fram the corresponding soales without
wall. Only the planes normel to the wall {2z diccction) menifest
at greater distance Ifrom the nozzle minor differences which reveal
a slight travel of the Jet towerd the well when no outside flow is
mesont. But in state ITI Just the opposite occurs: The maximm
of the velocity distribution travels porceptidblr awwy L{rom the
wall. The weke flow of tho feiring is scarcely noticeadle and
the boundary leyer at the wall also appears to expericnce no
subgtantial variation by the flow.

On the poor Zeiring (figs. 8 and §) the conditions are
different. While in state I the Jet atill scems to move a little
nearer to the wall than with the good fairing, with streaa flow
it ceases to move away {rom the wall and moves into the dead-air
reglon introduced by the felring.

To get some idca of the form of the Jet in the vawious felrings,
figwe 10 revresents the linoes of equal vclocity in & sestion norual
to the Ilow, ag well as was vossidle according to the messurements,
The good as well es the bad fairing shows & form no longer axially
symmetrical, which, however, is flattoned out at the well side
in the firct casc and ovally pulled towerrd the wall in tho other.
Thoe movement of thoe velocity meximum in M i{lcrent Airoctions is
rlainly visible. According to this, it might be suspected vhat
the good ventilation of the space between engine and well with the
good fairing forms a do{inite &ir cushion which pushcs the Jetb
awey from the wall. This concept is supported by tho condltions
in a horilzontel section through the et in flgurc 11.
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However, in spite of these dissimilarities, the effects ere
comperetively small. In the proximity of a flat well, the
poeeibility of & ventilation from the sides 1o so great as to
preclude the existence of Jet adherouce even witl an extramely
poor fairing.

3. Short-Well Listance

One noteworthy fact is that ihe afurewentioned rrocesses
are repeated with the short wall distance, helice ave not limited
to the comperatively large dicstence trom the well. As with the
gooa fairing, there is a slirht movement towerd the wall in
the absence of stream flow end a movoment eway Irom it with
increasing stream flow (fige. 12 end 13).

Tho fairing with tunnel extending backward beyond the afterbody
of the engine unit 1s of practicul intorest for the reseson that
in many ceses it is the only wey to obtain a sulficiently elongated
form. This fairing likewise exhibits no markedly unfavoreble
bohavior. The Jet naturally acdherves in this casc al the twnel
(figs. 1% and 15). This tunnel surface was therefore Lo heve
no projJected area in the flight direction Ior reusons of resistance.
Since, however, the tunnel must be adapted to the Torm of the Jet,
end this 1s not known at once for the difierecnt cnglne wits,
difficulties may arise, so that, if at ell possible, swh & tunnel
fairing should be avoided.

It is perhaps not immcdiately comprehensible why in these
measurements only these few generalized types of fairings were
investigeted and the form of the fairing aot further varied,
to establish, for exemple, which farm could be still designated
as good. According to the cited rcsults, however, tlLe colution
o such & problem does not appear possible at once, sinco it was
seen that geometrical conditions such as the form ni the afterbody
of the engine unit or the past higtory of tho outer flow have somo
effoct on the phenamena, so that e separation of these problems
from the others for the installation of given conditions seonis
hardly correct, and the Reynolds number and the temperutirre
conditions would then also have to be teken into account: Hence
the limitation to basic experiments. That the conditions in an
Installed Jet-propulsion unit ere similar in thce fundamental
phenomona is shown by the wind-tunnel teste on an avxiliury
turbojet rnit model mountcd below the fuselage on the Heinkel 519
(refcrence 2). So, in order to be absclutely certain wbout the
Jet diffusion for a epecific design, a vest on the totel model
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is probably unavoidable, and Judged by past experiences, a water—channel
test 1s best suited for this purpose.

Translation by J. Vanier
National Advisory Committee
for Aeronautics
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Lines of equal velocity in jet
(ys»z -~ plane normal to approved flow)

With wall, a = d;
good fairing
State III

x/d = 8

Exit

Wall

With wall, a = d;
bad fairing
State III

x/d = 8

Extit

0.9

Wall

Figure 10.
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